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ABSTRACT 
A survey of comparative ich thyotoxic i ty  i n  marine 
sponges from shallow and deep water i n  the  
southern province of New Caledonia w a s  conducted. 
T e s t  f i s h  Gambusia a f f i n i s  (Vertebrata.  Pisces) 
were exposed t o  aqueous macerates of 30 shallow 
water and 30 deep-water sponges. Mor ta l i ty  counts 
and behavioural changes were recorded over twelve 
hours, readings taken on a geometric time sca le .  
The responses exhib i ted  by t h e  f i s h  ranged from 
rapid mor ta l i ty  and varying l e v e l  of d i s t r e s s  and 
narcot iza t ion ,  t o  e f f e c t s  ind is t inguishable  from 
controls.  Sponges were c l a s s i f i e d  i n t o  th ree  
major t ox ic i ty  groups: 100% l e t h a l ,  t ox ic  (<loo% 
1ethal;with de l e t e r ious  e f f e c t s )  and non-toxic 
( ind is t inguishable  from cont ro ls ) .  There w a s  
l i t t l e  o r  no overlap i n  spec ies  composition 
between the  shallow'and deep-water sponges. 
Observed tox ic i ty  l e v e l s  var ied  widely both i n  the 
deep and shallow species. The frequency of 
t ox ic i ty  was genera l ly  equivalent between shallow 
and deep-water spec ie s ,  al though deeper spec ies  
tended to  exh ib i t  a higher degree ( i n t e n s i t y )  of 
tox ic i ty .  Approximately 80% of spec ies  from both 
depths were found t o  be toxic.  This i m p l i e s  t h a t  
the two hab i t a t s  sampled have probably experienced 
s imi l a r  degrees of environmental s t a b i l i t y  through 
evolutionary t i m e .  
INTgODUCTION 
As i n  t e r r e s t r i a l  p l an t s ,  marine inve r t eb ra t e s  a re  
known t o  contain a wide range of secondary 
metabolites (Feeny 1975, Selover & Crews 1980, 
L i t t l e r  G. 1986), p a r t i c u l a r l y  i n  the  t rop ics .  
Coral r ee f s  have received a g r e a t  dea l  of 
a t t en t ion  from both ecologis t s  and organic  
chemists because of t he  high d i v e r s i t y  of spec ies  
and the high incidences of secondary metabolites 
which oc& the re  (Brown et. 1970, Kittredge 
- a l .  1974). 
Sponges a re  among t h e  most common and bes t  
chemically s tud ied  group of marine animals ( see  
Faulkner, 1984, 1986, 1987). Some eco log i s t s  have 
s tudied  the  tox ic i ty  of reef sponges i n  r e l a t ion  
to  f i s h  predation (Randall & Hartman 1968, Bakus & 
Green 1974, Bakus & Thun 1979, Green 1977, Bakus 
1981). Bakus etal. (1986) have reviewed the 
various roles which secondary metabolites can play 
i n  competition f o r  space, an t ì - foul ing ,  and 
reproduction. S t ruc tu ra l  adapta t ions  a l so  play a 
non-chemically mediated ro l e  i n  feeding 
deterrence.  
Comparative tox ic i ty  s tud ie s  between d i f f e r e n t  
geographical a reas  have a l so  been performed (Bakus 
1974, Green 1977, McClintock 1987). These s tudies  
included sponge spec ies  from t r o p i c a l ,  temperate 
and a n t a r c t i c  waters, but no bathymetric 
co r re l a t ions  were recorded. This paper repre- 
s en t s  t he  f i r s t  study of New Caledonian sponges 
which compares ich thyotoxic i ty  l e v e l s  of sponges 
from the  shallow lagoon environment with those of 
t he  lesser-known deep subreefa l  slopes.  
&TERIAU AND METEODS 
8 . .  
Col lec t ion  of specimens 
Thi r ty  shallow water sponges were co l lec ted  from 
various r e e f a l  zones around Noumea, New Caledonia 
(22'5, 166'E) between January 1986 and June 1987, 
a t  depths ranging from 10 cm t o  35 m. Thirty 
deepwater sponges were dredged from 200-670 m 
depth on t h e  deep subreefa l  s lopes  i n  the  southern 
provinces of New Caledonia during the same t i m e  
period. 
were placed i n  l abe l l ed  p l a s t i c  bags and deep 
frozen. 
70% ethanol and u t i l i z e d  a s  reference samples f o r  
taxonomic determinations. 
Specimens u t i l i z e d  i n  t o x i c i t y  t e s t ings  
Corresponding specimens were preserved i n  
Toxicity tests 
Ich thyotoxic i ty  cests were adapted from techniques 
developed i n  s t u d i e s  of s o f t  c o r a l  t ox ic i ty  i n  the 
c e n t r a l  region of Great Bar r ie r  Reef, Aus t ra l ia  
( C o l l e ,  1982, Coll  & Sammarco 1983, La Barre 
et  a l .  1986, Sammarco etal. 1987; s ee  a l so  
=ouchi 1955, Bakus & Thun 1979). 
ex t r ac t s  of sponges were prepared by blending 50 
grams of frozen t i s s u e  with 100 m l  of f resh  water 
and cent r i fuging  the  macerate a t  2,000 rpm f o r  30 
min. The r e su l t i ng  superna tan t  afforded two 
oor t ions  (50 m l )  f o r  the r e o l i c a t e  ich thvotoxic i tv  
Aqueous 
bioassay u t i l i z i n g  Gambusi; a f f  i n i s  (Baird and 
Girard) a s  the  t e s t  organism. The test aquarium - 
consisted of rec tangular  g l a s s  s t ruc tu res  
subdivided i n t o  6 s e t s  of two r ep l i ca t e  
compartments; each held a volume of about 1 l i t r e  
of f r e sh  water. Divisions between the r ep l i ca t e  
compartments were t rans lucent  t o  v i sua l ly  i s o l a t e  
the  f i s h  from each other.  
Five adul t  o r  subadult  f i s h  (100 t o  300 mg i n  
weight and 19-30 mm i n  length) were placed i n  each 
compartment. Di f fe ren t  s ized  f i s h  were 
d i s t r ibu ted  uniformly among t e s t  containers.  
was assumed t h a t ,  i n  genera l ,  sexes among the 1200 
f i s h  were randomly d i s t r ibu ted  among t e s t  aquaria. 
It 
Observations of the  s t a t u s  and behaviour of f i s h  
were made as  follows, i n  a manner s imi la r  to  tha t  
described by C o l l  etal. (1982): 
-Mortality ( a l i v e  o r  dead); 
-Location ( sur face ,  mid-water o r  bottom); 
-Orientation (normal, l a t e r a l  r o l l ,  v e r t i c a l  
r o l l ,  o r  both l a t e r a l  and v e r t i c a l  r o l l ) ;  
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- Movement (none, hypoactive, normal, 
- 
- Response to visual stimulus: a sudden shading 
hyperactive) ; 
Fin activity (none, hypoactive, normal, 
hyperactive); 
was caused by blocking the clear faces of the 
compartments by a black object. 
Behavioural patterns were recorded for each fish 
addition on a geometric time-scale: 22 min, 45 
min, 1.5 h, 3 h, 6 h,.and 12,h. 
prior to the addition of extracts and after 
Numerical methods 
L .  
ta derived from fish I 
to sponge extracts were- 
pattern-seeking analyses 
. set consisting ofl 120.x 
(60 coral species:and 60 
occasions. Each "pst occasion", irrespective of 
treatment, was characterized-byrl observations on 
10 fish, and each observation was regarded as a 
The dataYset w 
between sponge speciesYathe extracts of.which 
produced similar mortality count 
behavioural state, (B) was 
t no control fish exhib 
state higher than 3.'3 
conservative cut-off 
indistinguishable from_controls.:i , 
1 .  
RESULTS 
There was no overlap in species composition of 
sponges between shallow and deep-water sponges. 
In fact there was no generic overlap between these 
two depths. 
The sponges tested exhibited a wide range of 
toxicity (table 1.) The sponge species fell into 
three major ichthyotoxicity groups: 
1) 100% mortality of test fish within 720 mins; 
considered to be lethal; 
2) <loo% mortality of tests fish, with test fish 
exhibiting abnormal behaviour; considered to be 
toxic, and 
3) 
indistinguishable from controls, considered to be 
non- toxic. 
With respect to the first group (table I), 6 of 
the 30 shallow species were found to be lethal 
while 12 of the deeper-water specimens exhibited 
the same level of toxicity (figure 1). 
shallow-water, Haliclona sp. 93 and Ircinia sp. 59 
were found to be extremely toxic, killing all fish 
in 22 minutes. Species 31 from the deep-water 
collection yielded a similar response. On the 
other hand, some sponges such as Axinyssa sp. 85 
no mortality and behavioural attributes 
In 
from shallow-water and Tethya sp. 27 from deep- 
water showed a much more delayed response to 
produce the total mortality in test fish. With 
respect to the "toxic" group (19 shallow species, 
12 deep species) the number of species causing 
some mortality (<loo%) in test fish was the same 
in shallow (9) and deep- water (9). On the other 
hand, the number of species causing sublethal but 
deleterious effects (abnormal behaviour but no 
mortality) was much higher in the shallow-water 
group (10) than in the deep-water group (3), in 
opposition to the trend noted in the group deemed 
"lethal". 
ranged from 90% mortality after 720 mins in the 
shallow-water sponge Callyspongia sp .  65, and the 
deep-water sponge Petrosia sp. 9, to no mortality 
+ and moderately deleterious effects in Clathria sp. 
The effects observed in this group 
. 39 (deep-water). 
ual numbers of shallow and deep- 
produced' cest results 
om controls. - ' . 
onstrate.any significant 
difference,between the frequency of occurrence of 
.'toxicity in:shallow vs. deep-water sponges, .- 
t all fish. r. 5% of the 
onges killed all fish with 
instantaneous death in all 
100 - 
30 - 
o 
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m 
L 
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toxicity groups. 
Figure 1. Distribution o f  sponge species within * 
DISCUSSION 
We have determined the relative toxicities of 60 
species of common sponges (30 shallow-dwelling and 
30 deep sub- reefal) representing 42 genera. A 
wide range of responses was observed in test 
- 5 6 -  
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TABLE 1. Ichthyotoxicity Results 
SHALLOW-WATER SPONGES DEEP-WATER SPONGES 
Species Specimen Mortality Count B Species Specimen Mortality Count B 
No. 22 45 90 180 360 720 
(100% mortality after 720 mins) Lethal group 
Haliclona sp. 93 10 10 10 10 10 10 
Ircinia sp. 59 10 10 10 10 10 10 
Undetermined sp. 113 4 10 10 10 10 10 
Toxochalipa sp. 111 O O 7 10 10 10 
Damiriana sp. 63 O O O 10 10 10 
, hinyssa sp. 85 O 0 0  1 8 1 0  
No. 22 45 90 180 360 720 
Lethal group 
Undetermined sp. 31 10 10 10 10 10 10 
PhloeodicTon sp. 55 4 10 10 10 10 10 
(100% mortality after 720 mins) 
Podospongia sp. 3 o 10 10 10 10 10 
Reidia sp. 47 o 10 10 10 10 10 
Reidia sp. 33 O 6 10 10 10 10 
Phloeodictyon sp!;.' 25 O 4 10 10 10 10 
' Xesíöspongia sp. ' 7 o 4 10 10 10 10 
Toxic group ( ~ 1 0 0 %  mortality: abnormal behaviour) 
EjeosQhonia sp. 49 O O O I O  10 10 
Callyspongia sp. 65 O O O O O 9 Undescribed 1 O 0  o O 1 0  10 
Dendrylla sp. 73 O O O O O 9 Myxillid sp. 
Undetermined sp. 83 O O O 3 5 8 Pheronema sp. 1 5 0 0 0 2 5  10 
DendryUa sp. 97 O O O O O 6 Tethya sp. 2 7 0 0  O O 0  10 
Underermined sp. 11 O O O O O 10 Mycale sp. 103 O 0 0  4 5 5 
Haliclona sp. 109 O O O O O 4 
Heteronema sp. 71 O O O O O 4 
Cliona sp. 61 O 0 0  O 2 3  
Clio!a sp. 91 O 0 0  O 0 0  
Cliona sp. 119 O O O O O O 6.71 
Spirasnella sp. 75 O O O O O O 5.00 , 
Undetermined sp. 115 O O O O O O 4.42 
Echinochalina sp. 101 O O O O O O 4.43 
Siphonochalina sp. 89 O O O O O O 4.28 
Haliclona sp. 67 O O O O O O 4.00 
Ircinia sp. 69 O 0 0  O O 0 4 . 0 0  
Unidenrified sp. 117 O O O O O O 3.71 
Unidentified sp. 77 O O O O O O 3.71 
Clathria sp. 87 O O O O O O 3.57 
Non-Toxic group (indistinguishable from controls) 
Cliona sp. 79 o o o o o o 3.43 
Clathria sp. 81 O O O O O O 2.86 
Undescribed 95 O O O O O O 2.86 
Axinellid 
Chondropsis sp. 107 O O O O O O 2.28 
Spinosella sp. 99 O O O O O O 2.28 
Controls (30x) O O O O O O ~3.50 
Toxic group (<loo% mortality: abnormal behaviour) 
. g o o  o O 0  9 Petrosia sp. 
Cladocroce sp. 1 3 0 0 0 1 4  8 
Corallistes sp. 5 3 0 0 0 1 2  8 
Geodia sp. 4 3 0 0  o O 0  3 
Geodia sp. 4 5 0 0  o 1 1  1 
Corallistes sp. 1 9 0 0  o O 0  1 
Srellera sp. 3 7 0 0  o O 0  1 
Stylotella sp. 35 O 0  o O 0  0 5 . 0 0  
Jaspis sp. 39 O 0  o O 0  0 4 . 0 0  
Stelleta sp. 4 1 0 0  O O 0  3 
Stylotella sp. 1 0 5 0 0  O O 0  1 
Undetermined sp. 57 O O O O O O 4.14 
Non-Toxic group (indistinguishable from controls) 
Undetermined sp. 29 O O O O O O 3.14 
Geodia sp. 51 O O O O O O 2.71 
Geodia sp. 23 O O O O O O 2.28 
Pheronema sp. 17 O O O O O O 2.14 
Corallisres sp. 21 O O O O O O 1.86 
Ragadrella sp. 5 O 0  O O 0  O 1.71 
Controls (30x) O O O O O O <3.50 
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organisms, in accordance with similar studies on 
sponge toxicities (Bakus & Thun 1979, Bakus 1986). 
Effects were observed ranging from almost 
immediate death to mildly abnormal behaviour. 
Some examples showed more or less intense 
narcotization, where alertness and orientation 
were affected. 
between hyperactive and sedate phases, with 
numerous individual variations (e.g. defecation, 
body contractions, strong hyperactive response to 
sudden light changes, spawning by gravid females, 
escape response, etc., all indicative of stress. 
With respect to these lethal and sublethal 
effects, pharmacological tests currently underway 
in our laboratories correlate well with the ' 
behavioural responses observed in this study 
Other examples showed alternations 
(s.c.L.B. & D.L.). 
Sponges provide the greatest diversity of 
secondary metabolites of any single phylum 
examined to date (Faulkner 1984, 1986, 198 
occurrence and distribution of these compoun 
been used successfully in the delineation of 
certain taxa within the Porifera (Bergquist 
Wells 1980). Such techniques have also be: 
for other marine invertebrates (e.g. Gerhart 
1983). Some of.the observed variance betwee 
species may be due to several factors: 
concentration of a single toxic metabolite 
vary by several-orders of magnitudqbetwee 
closely related'congeneric species, or flu 
seasonally in a given intraspecific:popula 
Ahond, pers. comm.), but the same metaboli 
rarely found across unrelated genera. 
Although no quantitative data were collected on 
morphology, highly. toxic individuals tended to a 
lack effective stru¿tural armament, wherea 
or non-toxic species tended to be protected by 
calcareous shells, needle-sharp spicules (in deep- 
water species) or tough, leathery tissue (in.".' -r'iL.'f 
shallow-water species). Little is known, however 
of predation and other selection pressures 
depths. Nor has thé correlation between the 
occurrence of one type of defense and the absence 
of another been established for this group (but 
see Sammarco etal., 1987). 
The fact that there was no overlap whatsoever in 
either genera or species between the two depths 
sampled implies that the study areas indeed 
represented two totally different communities from 
very different physical regimes. Therefore, any 
similarity in toxicity levels would have important 
evolutionary implications concerning the general 
stability of the two communities. 
Analyses of the distribution of ichthyotoxicity 
were unable to demonstrate any significant 
difference between shallow and deep-water species 
of sponges. Twice as many "lethal" sponges were 
found in deep-water as opposed to shallow-water, 
but this imbalance was insufficient t o  cause a 
significant difference in overall toxicity between 
the two states. 
The implications of this finding are important. 
Deeper oceanic waters have generally been 
considered to represent a stable environment 
through evolutionary time (Sanders 1968). They 
have certainly been more stable than shallower 
environments, which have experienced numerous sea 
level changes and temperature fluctuations causing 
mass extinctions (Stanley 1984). In addition, the 
Western Pacific appears to have been more stable 
The 
. 
than other geographic regions, as evidenced by 
higher species richness, and more intense 
biological interactions with respect to predation 
and competition (Vermeij 1978). Thus, the lack of 
difference in general frequency of toxicity 
between deep and shallow- water sponges here 
implies that these two environments have most 
likely been approximately equally stable through 
evolutionary time. We would predict that this 
would not be the case for the tropical Western 
Atlantic (Stanley 1984, Sammarco 1985, 1987), 
tropical Eastern Pacific (Risk=. 
or the temperate regions; i.e. we would expect to 
find differences in toxicity,between sponges from 
deep and shallow water in these environments, 
McClintock (1987) has found high (56%) toxicity 
levels in Antarctic sponges, an area considered to 
be highly stable (Dayton 1974). 
The overall frequency of toxicity observed in 
these New!Caledonian sponges (approx. 8O%).is 
comparable to those determined on the Great 
Barrier Reef'for sponges (approx. 60%) by Bakus' 
(1981') who sampled generally from shallow waters. 
It is signiffcantly higher, however, than the. 
levels determined for alcyonaceans (approx. 50%) 
also from the Great Barrier Reef ( C o l l e .  
in press) 
r 
' C  ON2 
I 
The major findings of this study are as follows: 
1. 
composition betw 
of New Caledonia 
2. Toxicity vaf 
found both in shallow and'deep water. 
3. Toxic deep-water sponges occurred generally as 
frequently asx toxic shallow reef species, although 
the degree of toxicity ("lethality") was more 
commonly observed in deep-water species. 
4. Approximately 80% of both shallow and 
water species were found to be toxic. 
5. Similarity in toxicity levels between shallow 
and deep- water sponges in this study implies that 
the two habitats from which the sponges were drawn 
have probably experienced similar degrees of 
environmental stability through evolutionary time. 
There was little or no overlap in species 
. 
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